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;m of one  of t h e  
Assembly, 

al ters t h e  v e h i c l e  mass p r o p e r t i e s  and t h e  g r a v i t y - g r a d i e n t  
b i a s  momentum. Th i s  memorandum i n v e s t i g a t e s  t h e  a b i l i t y  of 
t h e  Cont ro l  Moment Gyros (CMGs) t o  execu te  t h e  r e q u i r e d  
momentum dump maneuvers and c o n t r o l  t h e  s o l a r  i n e r t i a l  
a t t i t u d e  i n  t h i s  f a i l e d  c o n f i g u r a t i o n .  

The g r a v i t y - g r a d i e n t  bias momentum i s  p r o p o r t i o n a l  t o  
t h e  d i f f e r e n c e  ( A I x )  between t h e  l a r g e s t  and t h e  i n t e r m e d i a t e  

f o r  t h e  normal c o n f i g u r a t i o n  and two c o n f i g u r a t i o n s  wi th  
deployment f a i l u r e s  are shown below. 

p r i n c i p a l  moments of i n e r t i a .  The i n e r t i a  v a l u e s  ( s l u g - f t  2 ) 

AIX - I Z Z  
I - - I X X  - YY 'Arrays 

Both Deployed* 725040 4615430 4558217 57213 

P o s i t i o n  I1 F a i l u r e t  663150 4638843 4549404 89439 

P o s i t i o n  I V  F a i l u r e t  666677  4 6 4 2 1 4 0  4547220 94920  

With both  a r r a y s  deployed, t h e  X - a x i s  b i a s  momentum 
has  a c a l c u l a t e d  maximum value of 303 f t - l b - s e c .  I n  a d d i t i o n  
t o  g r a v i t y - g r a d i e n t  b i a s  momentum, a c o n s e r v a t i v e  model of 
v e n t i n g  and leakage  to rque  y i e l d s  a d d i t i o n a l  b i a s  momentum of 
275 f t - l b - s e c  a long  t h e  X a x i s  and over 1 0 0 0  f t - l b - s e c  i n  t h e  
YZ p lane .**  Aerodynamic torque  adds abou t  1 0 0  f t - l b - s e c  more, 
p e r p e n d i c u l a r  t o  t h e  o r b i t a l  p lane .  

Because of  i t s  l a r g e r  A I _ - ,  t h e  P o s i t i o n  I V  a r r a y  f a i l u r e  
n 

i s  t h e  worst f a i l u r e  mode. I t  r e s u l t s  i n  a c a l c u l a t e d  maximum 
X-axis b i a s  momentum of  503 f t - lb - sec ,  an i n c r e a s e  of 200 over 
t h e  non- fa i lu re  case. 

* S&E-ASTN-SAE Program WP97B 1-7-71 Run 47A Event 7. 
**Smith, P. G . ,  "Skylab Venfing P ropu l s ion , "  Bellcomm 

Techn ica l  Memorandum TM-70-1022-18, December 2 2 ,  1970 .  

Bellcomm Technica l  Memorandum i n  p r e p a r a t i o n .  
smi th ,  P.  G . ,  "Skylab Ldakage P ropu l s ion  Models, 

t Calcu la t ed  by W.  W. Hough, Bellcomm, Inc .  



BELLCOMM. INC. - 2 -  

Hence t h e  e f f e c t  of a non-deployed a r r a y  i s  t o  
i n c r e a s e  t h e  maximum X-axis b i a s  momentum by about  35% 
and i n c r e a s e  t h e  magnitude of t h e  t o t a l  momentum t o  be  
dumped by 2 0 %  a t  worst .  

A s i m u l a t i o n  of  t h e  CMG v a r i a t i o n s  and t h e  dump 
maneuvers a t  v a r i o u s  v a l u e s  of Beta,  sun l i n e  t o  o r b i t a l  
p l a n e  ang le ,  y i e l d s  t h e  fo l lowing  t y p i c a l  d a t a  f o r  an o r b i t .  

Arrays 

Maximum Momentum Maximum Dump Maneuver 

( f  t - l b - s e c )  Solar  I n e r t i a l  
Ex c u r s  ion* Ang le  from 

(degrees  1 

Both Deployed 3990 1 0 . 5  

P o s i t i o n  I V  F a i l u r e  40 80 1 2 . 9  

The d i f f e r e n c e  i s  not  s i g n i f i c a n t .  

Conclusion 

The f a i l u r e  t o  deploy of a workshop so la r  a r r a y  w i l l  
n o t  impa i r  the c a p a b i l i t y  of t h e  CMGs t o  c o n t r o l  t h e  O r b i t a l  
Assembly i n  s o l a r  i n e r t i a l  a t t i t u d e  and e x e c u t e  t h e  r e q u i r e d  
momentum dump maneuvers. 

1022-WL-mef W .  Levidow 

*The l i m i t  of momentum excurs ion  from zero i s  about  
6750 f t - l b - s e c  f o r  3 CMGs.  
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